MATERIALS AND METHODS
Thirty-five patients were selected for the present study from the patients treated with r-rays from a tele-cobalt unit containing 3000 Ci of 60Co for their malignant dis eases of head and neck, chest or abdomen . They included 18 males and 17 females. The age of the patients varied from 20 to 81 years old . Body weight ranged from 40 to 64 kg. Radiation dose to tumor was delivered bilaterally in two equal fractions with a 50-60 sec interval between two doses. Dose rate was within a limit between 36 .5 rads/ min and 93.9 rads/min as measured on the surface . The field size and the irradiated volume ranged from 25 to 256 cm' and 365 to 5200 cm3 , respectively.
The irradiated vol ume was determined by measuring the projected area of the radiation field and the depth, and expressed in gram assuming that 1 cm3 of tissue was equivalent to 1g . In order to study chromosome aberrations induced in lymphocytes , approximately 10 ml of venous blood sample was obtained from each patient 24 hrs after the first sin gle irradiation. Table 1 summarizes the condition of irradiation and chromosome aberrations in pe ripheral blood lymphocytes.
RESULTS
In all cases, significant number of chromosome aberrations were observed.
They included tricentrics, dicentrics, rings , acentric fragments and ab normal monocentrics, but only dicentrics and rings, a tricentric chromosome being counted as 2 dicentrics, are listed in the table. On the simple per-cell basis , the fre quencies of dicentrics and rings varied from 0.004 to 0.052 per cell. These figures were all significantly higher than those in the unirradiated persons, in which these types of aberrations appeared in such a low frequency as in one out of 1000-3000 cells .5-'> How ever, the frequencies of chromosome aberrations in these locally irradiated persons were extremely lower than those obtained in the in vitro experiments , in which blood samples from unirradiated persons were exposed in plastic tubes to 60Co ;r-rays and the fre quencies of radiation-induced chromosome aberrations were studied by essentially the same procedures.8 9) Moreover, there was no clear-cut dose-response relationship betwe en radiation dose and the frequencies of chromosome aberrations when they were ex pressed on the simple per-cell basis. These are evident in Fig. 1 , where the frequencies of dicentrics and rings in 35 cases are plotted against the radiation dose as expressed by tumor dose. In persons dealt with in the present study, only a limited portion of the lymphocyte population is expected to be exposed to radiation while other part is not irradiated. Assumption has been thus made that the lack of dose-response relation of chromosome aberrations may be the reflection of the variation in the relative amount of irradiated lymphocytes compared with total amount of lymphocytes. For the simplistic approach to this problem, attempt has been made to substitute the ratio of the tissue volume in the radiation field (v) versus the body weight (W) for the relative amount of irradiated lymphocytes.
The frequency of chromosome aberrations (YP) should be approximated (-i-) y, where y is the dose: response relation of chromosome aberrations in vivo. Fig. 2 is the plotting of the levels of dicentrics and rings after correction by relative amount of irradiated volume in each patient, i. e., ( w) Y ,. As seen in this figure, though the variation in the levels of dicentrics and rings is still wide, they distribute arround the levels expected from the in vitro dose-response curve (Y) . With the wide variation among patients, the dose-response relation of these aberrations calculated from the cor rected yields, y=:(8.42_-L5.75) x 10-4 x D'.09±0.88, is not significantly different from that ob tained in the in vitro experiments, Y=2.55 x 10-5 x D1*71 . This suggests that the chromo somal radiosensitivity of lymphocytes in vivo is not largely different from that in vitro , and that the frequency of chromosome aberrations in lymphocytes of a locally irradi ated person is roughly proportional to the irradiated volume and inversely proportional to the body weight. However, the non-uniformity of the lymphocyte distribution is also suggested to be the case in Fig. 2 
where N is total amount of lymphocytes in the body and n is the amount of lymphocytes in the irradi ated volume. Hence Yp is considerably smal ler than Y, n is very small compared with N, and assuming that N and n are roughly proportional to W and v, respectively, the rough estimate of S may be given by N . Yp/ n.Y=W.Yp/v.Y=y/Y.
According to the radi ation dose, the patients were classified into 8 groups, i. e., patients exposed to <100, 101-150, 151-200, 201-250, 251-300, 301-350, 351-400 and >401 rads. Fig. 3 shows the average y value (y) in each dose range.
Deviation from the in vitro dose-response curve (Y), which is con strained to pass they values in the low dose groups, tends to become more marked as the dose increases.
The survival obtained from the data shown in Fig. 3 is plotted against the radiation dose in Fig. 4 . Simple ex ponential regression line fitted by least square analysis showed D37 value of about 350 rads of 60Co trays for presumed survival of lymphocytes in vivo as measured 24 hrs after irradiation. Fig. 3 . The levels of dicentrics and rings after correction by the relative volume of the irradiated site. Average yield in each of the eight dose groups is plotted against the ra diation dose. On the assumption that the radiation-induced inactivation of lymphocytes in the low-dose groups is not significant, the in vitro dose-response curve (Y', dashed line) is constrained to pass the yields in the low dose groups. 
DISCUSSION
Much information exists on the doss-response relation of radiation induced chromosome aberrations of human lymphocytes following in vitro exposure, and moreover recent cytogenetic studies suggest that the chromosomal radiosensitivity is identical whether the lymphocytes are irradiated in vitro or in vivo.10-'2 In cases of single acute whole-body exposure, chromosome aberrations induced in lymphocytes thus appear to be the sole criterion of damage that can be reliably used for biological dosimetry.
However, because of many uncer tainties involved, interpretation of chromosome damage is more difficult following par tial body exposure and quantitative analysis of human data is scanty . In partial body exposure, the ratio of irradiated to unirradiated cells constitutes an important factor in the variation of chromosome aberration yield in peripheral blood lymphocytes.
With the dose rate used in the present study, the rapid movement of peripheral blood in the radiation field as indicated by the high rate of cardiac outputl3-15> will ensure considerably small and wide spectrum of dose to the lymphocytes in the circulating blood at the time of irradiation. Also, it should be noted that the amount of lymphocytes in the circulating blood is less than 1 % of the total lymphocytes, most of which constituting extravascular pool.l6-1st Mereover , Sharpe et al.18) performed extracorporeal irradiation in patients with Hodgkin's disease and estimated that lympho cytes spent only a small proportion of their time in peripheral circulation with the mean residence time of about 5 mins. In the present study, blood samples were obtained 24 hrs after irradiation.
Thus, it is not likely that the chromosome aberration yield in peripheral blood lymphocytes is significantly influenced by the blood volume in the ir radiated site, but the majority of the irradiated lymphocytes in the post-irradiation blo od sample at 24 hrs may be those in extra-vascular lymphocyte pool at the time of ir radiation and received fairly uniform dose from radiation . The reliable estimate of the lymphocyte pool size in the irradiated site is not simple, but the results of the present study suggest that the relative volume of the irradiated site provided a working approx imation to the initial ratio of irradiated and unirradiated cells. However, it is also very reasonable to assume that the distribution of lymphocytes is not homogeneous through out the body. According to Osgood,16) of 1500g lymphocytes in person with 70 kg body weight, 100g is contained in the bone marrow and also the same amount in the lymph oid tissues involving spleen, about 3 g in peripheral blood and the other 1300g is scat tered in the rest of the body. It is highly likely to assume that such a differential dis tribution of lymphocytes in the body is another factor influencing aberration yield in the peripheral blood lymphocytes in locally irradiated persons. The present finding that the patients exposed on their head and neck or chest region tend to yield higher levels of aberration frequencies is consistent with this idea. This work was supported in part by a grant from the Ministry of Education of Japan.
